Introduction
Microsystems are complex systems of small dimensions (mm to cm range) integrating several components such as sensors, actuators and microelectronic circuits. Microsystems will be decisive elements of tomorrow's microtechnology world.
There is already a strong demand to use many of such microsystems in future's industrial products: The product range can be very wide and diversified. It includes automation, process and manufacturing technologies, medical engineering, environmental control, consumer and communication technologies, transportation and aerospace industries. Examples will be given of some recent developments of microsystems at the Institute of Microtechnology of the University of Neuchatel, Switzerland.
Examples of Microsystems

Miniaturized chemical analysis systems
Miniaturization of chemical analysis systems offers improved efficiency with respect to sample size, response time and reagent consumption. A modular set-up has been realized [1, 2] in which the liquid handling and the detector elements are vertically stacked in a cube of volume 22x22x11 mm3 minimizing thus the length of interconnections. The liquid handling part includes piezoelectric micropumps incorporating bulk micromachined silicon structures that form passive valves and are anodically bonded between two glass plates. The upper thin glass plate, acts as pumping membrane driven by a ceramic piezoelectric disc glued on top of the plate. Detection is provided by either solid state electro-chemical sensors or by small volume optical detectors [3] .
As an example of the detector part which consists of a flow through channel containing the sensing elements, a sensor module has been developed which allows to measure pO2, pCO2 and pH and thus can be applied in blood-gas monitoring. In particular, the sensors exhibit high linearity at rather fast response times (T0.95) of the order of 1min. [4] . Most of these sensors have a double layer of hydrogel (serving as internal electrolyte) and gas permeable membrane, both patterned by photolithography. The pH and pCO2 sensors are ISFET based with reference electrodes.
The flow through channel is defined by a photolithographically patterned polysiloxane ring which encloses the sensors. To provide a hermetic seal of the sensor cell, the next module of the stack, a glass plate, is placed on top of the polymeric ring [5] .
Micro instrumentation for space research
A new type of miniature bioreactor for continuous culture of yeast cells in space laboratories has been developed. Silicon microtechnology has permitted the integration of numerous functions and systems in a volume of 87x63x63 mm3 and a weight of 610g. The 100ml of fresh medium can be delivered at variable flow rates to the cultivation chamber (volume 3ml) by means of a micropump. The culture is agitated by a magnetic stirrer. Microsensors monitor pH, temperature and redox potential. The decrease of pH occurring during the cultivation of Saccharomyces cerevisiae is compensated electrochemically. A window allows the inspection of the culture status. Samples of up to 1ml can be drawn through a silicone rubber septum. The data measured by the sensors are transmitted on-line to the ground station during operations in space. The bioreactor had to fulfill several requirements related to the safety regulation of space agencies. In particular, new materials had to be selected and tested for their biocompatibility. The instrument has passed all space and biological qualification tests and has been successfully used in an experiment selected by the European Space Agency (ESA) for the International Microgravity Laboratory-2 Mission in Spacelab in July 1994 [6] . This rather complex structure is micromachined in silicon requiring only four masks and combining various techniques such as fusion bonding, KOH etching, anisotropic (CUF-based plasma) and isotropic (F-based plasma) dry etching, and sacrificial layer etching.
Electrostatic and ultrasonic millimotors
A coin flipped on a table rotates also slowly on itself Based on this principle, an electrostatic wobble motor has been fabricated for application in wristwatches [9] .
A special feature of this motor type is the possibility to transmit the torque via the axle to a driven mechanism. In order to be within the power range of a wristwatch motor rotors with diameters of more than 1mm
and thicknesses of at least several microns are required. Therefore, electroplating of nickel in a photoresist mold has been employed for the construction of the rotor, the spacer and the axle on a silicon substrate. The stator electrodes consist of polysilicon structures deposited on the substrate and insulated by oxide and nitride layers. By applying 80V
to the proto-type nickel motor, a rotor speed of 2.7rpm has been observed.
In the last few years attempts have been made to miniaturize ultrasonic motors by using silicon micromachining. A micromachined ultrasonic motor using the elastic force motor (EFM) principle has been fabricated [10] . In this type of motor, standing flexure waves of a piezoelectric activated resonant membrane are converted to an angular motion. The conversion is obtained by a mechanical rectifier analog to the Elastic Fin Rotor [11] The motor is composed of a micro-machined silicon membrane on which a piezoelectric ZnO film is deposited and of a metallic elastic rotor. The modulator is intended to be used as a reflective modulator in fiber-in-the-loop applications. In this network architecture the number of components can be reduced by the use of a reflective modulator at the subscriber end. A single fiber and only one laser are needed to achieve bidirectional data transmission between two locations. To send data from the laser to the remote location, the laser diode is directly modulated and a photodetector at the remote location receives the intensity modulated signal. To send data from the remote location to the laser location the incident light is modulated by the reflective modulator and returned into the fiber.
To achieve high return data rates up to several Gbit/s lithium niobate or semiconductors modulators have been proposed. For many applications the return data rate may be much slower than the downstream data rate, i. e. several Mbit/s would be sufficient. Such a data rate can be achieved by micromechanical modulators. In addition the micro-machined modulator presents the advantage of low cost and good optical performance, i. e. low insertion loss, high contrast and polarization insensitivity [12] .
